Background -Breathlessness appears to be closely related to the perception of the outgoing motor command to breathe and should be increased in the presence of muscle weakness. However, breathlessness is not a common symptom in patients with chronic muscle disease who have weak respiratory muscles. The factors that determine the perception of respiratory effort in such patients have not been examined. Methods -The inspiratory effort sensation during resting breathing and progressive hypercapnia was investigated in 12 patients with dystrophia myotonica with weak respiratory muscles (nine men and three women of mean (SD) age 41-1 (10-5) years; maximum inspiratory pressure 43-1 (17-2) cm H2O) and an age and sex matched control group of normal subjects of mean age 39-6 (106) years and a maximum inspiratory pressure of 123 (15-2) cm H20.
Abstract
Background -Breathlessness appears to be closely related to the perception of the outgoing motor command to breathe and should be increased in the presence of muscle weakness. However, breathlessness is not a common symptom in patients with chronic muscle disease who have weak respiratory muscles. The factors that determine the perception of respiratory effort in such patients have not been examined. Methods -The inspiratory effort sensation during resting breathing and progressive hypercapnia was investigated in 12 patients with dystrophia myotonica with weak respiratory muscles (nine men and three women of mean (SD) age 41-1 (10-5) years; maximum inspiratory pressure 43-1 (17-2) cm H2O) and an age and sex matched control group of normal subjects of mean age 39-6 (106) years and a maximum inspiratory pressure of 123 (15-2) cm H20. Results -During resting breathing with a mouthpiece no differences were seen in inspiratory effort sensation, mouth occlusion pressure, or tidal volume, but inspiratory time and cycle duration were significantly shorter in the patients with dystrophia. Minute ventilation (VE) was significantly higher in the patients (4 0) 1/min v 12-5 (2-6) 1/min), while resting breathing was no more variable in the patients than in controls. The ventilatory response to carbon dioxide (VE/Pco2) was not significantly lower in the patients (14-9 (6 9) l/min/kPa) than in the controls (17-4 (4 3) l/min/kPa). Effort sensation responses to carbon dioxide driven breathing were similar in the control subjects and the patients. With regression analysis of pooled data neither maximum inspiratory pressure nor disease state contributed to perceived inspiratory effort during hypercapnia. Conclusions -Moderately severe global respiratory muscle weakness does not appear to influence the ventilatory response to rising carbon dioxide tension or the perception of inspiratory effort in patients with dystrophia myotonica. The sensation of breathlessness occurs in many situations and its character varies with the clinical setting.' The mechanism underlying this sensation remains disputed2 but has been equated with an increased sense of effort.34 The sense of effort is believed to be the conscious awareness of the outgoing motor command to breathe and it has been proposed as a possible unitary explanation of breathlessness. The sense of inspiratory effort should increase when ventilation or the velocity of inspiratory muscle contraction increases, when the respiratory system impedance is high, or in the presence of muscle weakness. Inspiratory effort sensation increases when a large percentage of the static maximum pleural pressure is developed by normal subjects.' In studies with acute inspiratory loading, the maximum inspiratory pressure is an important determinant of the severity of breathlessness.6 However, breathlessness is not a prominent complaint of patients with chronic muscle disease with generalised respiratory muscle weakness. One explanation may be that these patients cannot exercise enough to increase their ventilation to a point where breathlessness occurs. Alternatively there may be a defect in sensory perception, or temporal adaptation of respiratory sensation might occur in these chronically weak patients.
Respiratory sensation has not been systematically examined in patients with respiratory muscle disease. In this study we have examined respiratory sensation in a group of patients with dystrophia myotonica. This is an autosomal dominant disorder producing significant sternomastoid and facial weakness together with less marked but slowly progressive limb weakness.7 Variable respiratory muscle weakness occurs and respiratory complications such as hypersensitivity to anaesthetic agents and respiratory failure due to alveolar hypoventilation have been reported.8Y"I In this study we wished to determine whether the perception of respiratory effort was normal in patients with dystrophia myotonica, and whether this was related to the degree of respiratory muscle weakness. As exercise is not always feasible in patients with muscle weakness, carbon dioxide rebreathing was used as a standard stimulus to increase inspiratory effort in a carefully characterised group of patients with dystrophia myotonica and a group of age and sex matched normal controls. In addition to measuring the ventilatory response to carbon dioxide we measured the mouth occlusion pressure response to car-bon dioxide as a more direct measure of respiratory centre output which is uninfluenced by the changes in pulmonary mechanics that occur with chronic respiratory muscle weakness. Effort sensation during resting breathing and resting breathing pattern were also assessed, as resting breathing pattern has been reported to be abnormal in patients with dystrophia myotonica. 1012
Methods

SUBJECTS
Twelve patients with clinical, electromyographic, and histologically diagnosed dystrophia myotonica who were attending a muscle clinic were studied. All were mobile without aid, two were working, and none complained of excessive daytime sleepiness or orofacial muscle weakness sufficient to impair respiratory measurements. All were able to sit without support and no patient had scoliosis. With the use of a disability grade'2 three subjects were only mildly disabled (grade 1) and nine were moderately disabled (grade 2). No patients were severely disabled (grade 3) or bedbound (grade 4). No patient had radiographic evidence of diaphragmatic paralysis. A sex and age matched control group of normal subjects was also studied. Group mean (SD) data are given in table 1. The study protocol was approved by our hospital ethical committee and all subjects gave their informed consent.
STUDY DESIGN
Subjects attended on two occasions and all measurements were made while seated. Spirometric measurements (FEVI and FVC) were recorded with a dry bellows spirometer (Vitalograph Ltd), and static maximum mouth pressures were measured with a pressure transducer (Validyne MP45) using the technique of Black and Hyatt.'3 The mean result of the three best recordings from five made after adequate training was used. Particular care was taken to avoid mouth leaks by supporting the cheeks of the patients. Arterial blood gas tensions were measured in the patients at rest breathing air and were analysed by an automatic blood gas analyser (Instrumentation Laboratories IL 213).
Resting breathing measurements were made with the subject seated wearing a noseclip and breathing through a mouthpiece from a low resistance two way valve (Hans Rudolph Ventilatory responses to carbon dioxide were measured by a rebreathing technique with initial gas concentrations of 6% carbon dioxide and 94% oxygen. The circuit consisted of a reservoir bag (six litres) in a sealed box with inspiratory and expiratory connections to the two way valve used during resting breathing. Minute ventilation (VE) was measured by air displacement from the box through a turbine spirometer and carbon dioxide tension by a fast response infrared carbon dioxide analyser (P K Morgan Ltd). Mouth occlusion pressure and inspiratory effort sensation were measured at 30 second intervals (the same as during resting breathing) throughout each rebreathing run, which lasted 3-5 minutes.
Resting breathing data were recorded on each occasion for three minutes. Recordings were taken after allowing five minutes for breathing pattern and PETCO2 to stabilise. Control subjects and patients also attempted resting breathing with an inspiratory resistive load of 10 To maximise the data available for analysis, multiple linear regression analysis16 was applied to the pooled data from normal subjects and patients with dytrophia myotonica (DM). We considered the effects of disease, respiratory muscle weakness and respiratory impedance PETCO2 or VT between patients and controls. Both Ti and TTOT were reduced in the patients and the latter accounted for the higher respiratory frequency and the higher VE than in the normal subjects. Breath to breath variability in TTOT, a measure of ventilatory control, was similar in both groups (figure).
All the normal subjects tolerated the resistive load during resting breathing, but no patient was able to do so. Some patients were unable to breathe at all with the resistor in place, while others gave up before a stable breathing pattern could be established. No data are therefore presented on loaded breathing.
C02 REBREATHING
Individual linear regression analyses between VE, carbon dioxide tension, mouth occlusion pressure, and inspiratory effort sensation were highly intercorrelated in all the normal subjects and patients (all r values > 0 9). Group mean results are given in table 3 . Ventilatory responses (VE/Pco2) and occlusion pressure (P0.1/Pco2) responses were lower in the patient group, although not significantly so. Similarly, there were no differences between the occlusion pressure/litre of ventilation (Po.1/VE) slopes, a measure of respiratory impedance, between the two groups, nor was there any significant difference in the rate of increase of effort sensation with increasing Pco2. This was true whether inspiratory effort sensation was related to Pco2, VE, or occlusion pressure, and was not explained by differences in the initial or final levels of Pco2 or VE during the rebreathing (table 3) . No correlation was found between resting arterial carbon dioxide tension and the ventilatory or occlusion pressure responses to carbon dioxide in patients with dystrophia myotonica. No relation was found between age and effort sensation responses to carbon dioxide, nor between age and ventilatory and occlusion pressure responses to carbon dioxide.
FACTORS INFLUENCING INSPIRATORY EFFORT SENSATION
In equations 1 and 2 effort sensation (IES) was related only to the stimulus (Pco2) and was not influenced by either disease state or maximum inspiratory pressure (MIP). When the stimulus to inspiratory effort sensation was considered in mechanical terms (equation 3) it was principally determined by VE (F = 59-2, p<0-0001), impedance (Po.,/'qE, F=22-1, p<0-0001) with MIP making a smaller independent contribution (F = 11 5, p < 0 001).
Discussion
Dystrophia myotonica is a well characterised cause of muscle weakness without major abnormality in respiratory mechanics. Our results suggest that this weakness does not reduce the ventilatory response to carbon dioxide and is not an important determinant of respiratory sensation when respiratory impedance is normal.
We assessed resting ventilation using a mouthpiece and noseclip. This method yields higher values during uninstrumented recordings, mainly because of an increase in inspiratory flow.'7 Such problems were common to both our study groups, but the minute ventilation of our control subjects was close to that seen in other studies,'8 and higher than those reported by Serisier et al.'0 As reported by other studies,'0'9 our patients with dystrophia myotonica had a rapid breathing pattern but they did not generate a higher mouth occlusion pressure or experience greater resting inspiratory effort sensation to produce this. The relatively regular breathing pattern seen in both groups may reflect the stimulant effect of an added dead space.
Previous studies have suggested that the ventilatory response to carbon dioxide is depressed in patients with dystrophia myotonica'0 which might predispose to carbon dioxide retention, or reflect inspiratory muscle weakness, or both.'2 We found no differences in the ventilatory, occlusion pressure, or effort sensation responses of our groups, nor were the Po-I/ Pco2 slopes disproportionately elevated in the patients as has been suggested previously. 9 Respiratory sensation during carbon dioxide stimulated breathing has not been reported previously in patients with isolated respiratory muscle weakness. In our patients without respiratory symptoms we saw no evidence of increased sensory scoring at rest or during carbon dioxide stimulated increases in ventilation. Multiple regression analyses of the pooled data confirmed that neither disease category nor maximum inspiratory pressure influenced inspiratory effort sensation, and only when considered in mechanical terms did muscle weakness, as represented by lower maximum inspiratory pressure, make a small contribution to effort sensation.
There are several possible explanations for these findings. Patients with dystrophia myotonica may systematically mis-score their sensory responses, but this seems unlikely. Sensory adaptation might occur in the patients, but no correlation was found between age -and hence disease duration -and effort sensation responses. There may be a defect in the muscle spindles or a failure of central nervous system processing in patients with dystrophia myotonica which reduces their perception of muscle weakness and leads to an inappropriately low effort sensation for a given level of muscle activation. The inability of our patients to tolerate a small inspiratory resistive load makes this explanation and sensory adaptation unlikely.
Alternatively, effort perception may rise only when the additional impedance requires a greater degree of muscle activation to produce the same volume change. This would explain the results of equation 3 where inspiratory effort sensation increased when PO.,/VE was increased. This was the only circumstance where maximum inspiratory pressure explained some of the variance of inspiratory effort sensation, presumably because weak muscles require a greater degree of activation to produce the same pressure. Even here changes in PO0,/VE or maximum inspiratory pressure would have to be large, as the principal determinant of inspiratory effort sensation was VE.
The limited role for maximum inspiratory pressure as a predictor of respiratory sensation is in keeping with data from thyrotoxic patients whose respiratory muscle function improved after treatment, but whose breathlessness scoring remained unaltered. 20 The quality of the sensation perceived differs with the stimulus, at least in normal subjects,2' and these differences may reflect changes in the relative importance of impedance, maximum inspiratory pressure, and ventilatory components of respiratory sensation.
These 
